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(57) ABSTRACT 

A method of configuring a random access memory matrix 
containing partially configured memories in the matrix. The 
method includes the steps of independently calculating a 
memory enable signal and a configuration signal for a par 
tially configured memory in each memory tile of the memory 
matrix. Memory tiles not supported by a memory compiler 
are determined. A memory wrapper is provided for each tile 
not supported by the memory compiler. An address controller 
is inserted in the memory matrix for each tile in a group of 
tiles. Output signals from each memory location in a memory 
group having a common group index are combined into a 
single output signal. A first stripe of memory tiles containing 
non-configured memory having a first width is selected. A 
second strip of memory tiles containing configured memory 
having a second width is also selected. 
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1. 

HIGH PERFORMANCETILING FOR RRAM 
MEMORY 

FIELD 

This invention relates to the field of integrated circuit fab 
rication. More particularly, this invention relates to a method 
for configuring partially configured memories for integrated 
circuits. 

BACKGROUND 

Integrated circuits are often formed using an application 
specific integrated circuit architecture, which tends to reduce 
the design costs of the integrated circuit by using predeter 
mined logic blocks in a somewhat customized arrangement to 
produce an integrated circuit according to a customer's speci 
fications. One aspect of such a customizable integrated circuit 
design is referred to as RRAM. 
RRAM (Reconfigurable RAM) contains sets of memories 

of the same type that are placed compactly within a memory 
matrix. An RRAM, as the term is used herein, is a megacell 
that can be considered as a set of memories with built-in self 
testing and built-in self correction. RRAM also contains sets 
of embedded tools that are used for mapping arbitrary logical 
customer memory designs to the physical memories in the 
matrix. 

Each RRAM design typically contains several RRAMs. At 
the stage of memory placement during the design process, 
memories of the customer's netlist are mapped to the cus 
tomizable standardized memories of the RRAMs. Then the 
RRAM megacells are configured in accordance with the 
resulting memory mapping. The configured RRAM is called 
a tiling netlist. If the RRAM contains partially configured 
memories, high performance tiling of the RRAM is problem 
atic. 
What is needed, therefore, is an efficient method for tiling 

any arbitrary customer memory into a group of basic memo 
ries when the customer memories contain partially config 
ured memories without unduly increasing the size of the 
configuration matrix. 

SUMMARY 

The above and other needs are met by a method of config 
uring a random access memory matrix containing partially 
configured memories in the matrix. The method includes the 
steps of independently calculating a memory enable signal 
and a configuration signal for a partially configured memory 
in each memory tile of the memory matrix. Memory tiles not 
Supported by a memory compiler are determined. A memory 
wrapper is provided for each tile not supported by the 
memory compiler. An address controller is inserted in the 
memory matrix for each tile in a group of tiles. Output signals 
from each memory location in a memory group having a 
common group index are combined into a single output sig 
nal. A first stripe of memory tiles containing non-configured 
memory having a first width is selected. A second strip of 
memory tiles containing configured memory having a second 
width is also selected. 

In another embodiment, there is provided a tool for con 
figuring RRAM memory containing partially configured 
memory. The tool includes a memory wrapper for a group of 
memories containing a predetermined memory tile. An 
address controller is provided for calculating a memory 
enable signal and a configuration signal for inputs to the 
partially configured memory. A vertical OR block is used for 
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2 
combining output signals from non-configured memories 
having a common index in a memory group into a single 
output signal. A configured OR block is included for combin 
ing configured memory signals into a single signal for each 
configured memory output signal. 
An advantage of the embodiments of the invention is that 

partially configured memory may be tiled into a group of 
basic memories using a single memory mapping matrix. 
Accordingly, the invention may be used on a wide variety of 
memory chips to provide a predetermined memory configu 
ration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages of the invention are apparent by refer 
ence to the detailed description when considered in conjunc 
tion with the figures, which are not to scale so as to more 
clearly show the details, wherein like reference numbers indi 
cate like elements throughout the several views, and wherein: 

FIG. 1 is a schematic diagram of a memory wrapper for 
configuring a memory tile. 

FIG. 2 is a schematic diagram of an address controller for 
inputting memory enable signals into a memory. 

FIG. 3 is a schematic diagram of memory stripes for con 
figured and non-configured memory tiles. 

DETAILED DESCRIPTION 

There are the same basic memories for each matrix. “The 
same” means here that memories have the same type, the 
same number of bits, and the same capacity. Basic memories 
within an integrated circuit are preferably organized in matri 
ces of rows and columns. A customer's memory designs may 
include memories with various parameters. Mapping of the 
memories from the customer's designs to matrices with tim 
ing optimization is a different topic from that as described 
herein, and is not described in the present disclosure. The 
preferred embodiments of the present invention describe how 
any arbitrary customer memory can be tiled to a collection of 
basic memories from one matrix in an integrated circuit, after 
mapping has already been accomplished. 

For the purposes of this disclosure, high performance tiling 
of the collection of basic memories may use at most four input 
pins and the number of tiles in any one group of tiles may not 
exceed sixteen. Layout placement and wire routing are not the 
subject of this disclosure. 
With reference to FIGS. 1 and 2, the regular input and 

output ports of a partially configured memory 10 and address 
controller 12 include the following: address bus(es) A, write 
enable bus(es) WE, enable bit(s) EN, data input bus(es) DI, 
data output bus(es) DO, and additional inputs: memory 
enable(s) ME and configuration bus(es) CONF. The memory 
10 is a bitwise writeable memory having a memory width of 
n. In the figures, the prefix "MEM is used to indicate asso 
ciated memory ports. For example MEM EN is used to des 
ignate an enable bit for the memory. 
As shown in FIG. 1, the partially configured memory 10 

operates as follows: if EN=0 then the memory is disabled 
(MEM EN=0) and DO-MEM DO. If EN=1 and ME=0 then 
the memory is disabled (MEM EN=0) and DO=0. If EN=1 
and ME=1 then memory is enabled (MEM EN=1) and DO 
depends from delayed configuration inputs CONF(i). If j% 
conf numb-i and CONFIi =0 then MEM WEL=0 and 
DOji=0. If j 96 conf numb-i and CONFIi =1 then 
MEM WEji=WE and DOji=MEM DOL. If the current 
memory compiler does not support the foregoing features, 
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then a memory wrapper 14 is used for configuring the 
memory 10 as shown on FIG. 1. 
The memory enable (ME) inputs and the configuration 

inputs (CONF(i)) are independently determined by an 
address controller 16 (FIG. 2). The memory enable and con 
figuration inputs are then used as inputs for the partially 
configured memory 10 using the memory wrapper 14. The 
following parameters are used to determine the memory 
enable and configuration inputs: conf numb, index in 
group, group size, where conf numb—is the number of con 
figuration pins for a tile that can be used, hence conf 
numbs2 since there are only four input pins available; 
group size is the size of a group of tiles wherein 1sgroup 
sizes 16 since the maximum number of tiles in a group is 16 
as set forth above; and index in group is the index of a tile 
inside of a group of tiles wherein 
Osindex in groups group size-1. 

Given the above definitions the following formulas are 
used to determine the configuration input and memory enable 
input: 

where (OS, ..., OO) are binary representations of integer is 
is the log conf numb. (O(t-1), . . . , O(S+1)) are binary 
representations of index in group, Ai-i-th address input of 
the address controller 16, x'=X if O=1 and x'=-X if O-0, t is 
total number of address bits used for coding of the configu 
ration and group indexation and t log conf numb+log 
group size. 
The address controller 16 is used for tiling a group 18, 20, 

and 22 of tiles (FIG.3) in a first stripe 24 of customer memory. 
Likewise, a second address controller 26 is used for tiling a 
second stripe 28 of customer memory. Each group of memory 
18, 20, and 22 represents only one tile. Accordingly, the 
RRAM memory 10 includes an address controller 16 and 26 
for each stripe 24 and 28 of tiles. 

For example, tiling a customer memory with a capacity 
128K into an RRAM memory 10, where each group 18, 20, 
22, and 30 of tiles have the capacity 2K (1K means 1024 
words), the numbert of address bits that may be used for the 
address controller is equal to: 

Accordingly, 2 bits may be used for configuration (with a 
compression of 4 times) and 4 bits may be used for coding the 
tile index inside of the group 18, 20, 22 and 30 since the group 
size is limited to less than or equal to sixteen. Instead of using 
NEG-gates and AND-gates in the configuration circuit of the 
address controller 16 or 26, appropriate NOR-gates 32 (FIG. 
2) (NR4 or NR4 with negations on inputs NR4DN, 
NR4CDN, NR4BCDN) are used. For configuration of a cir 
cuit without negation, an AND-gate 34 is used. 

“Vertical OR blocks may be used to combine output sig 
nals from the basic memories in stripe 24 with the same 
indexes from the same memory group into a single signal 
where: 

OUT=INP OV INP 1 V INP 2 V. V INP 
{group size-1}. 

Likewise vertical OR blocks may be used to combine out 
put signals from the memories in Stripe 28. All disjunctions 
are realized from NOR- and NAND-gates for high perfor 
mance purposes. 
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4 
“Configured OR'blocks 36,38, 40, 42, and 44 may be used 

to combine configured signals from the memories in the first 
and second stripes 24 and 28 into a single signal for each 
memory output. The number of the address pins that are used 
for configuration in the address controllers 16 and 26 is 
denoted by conf numb. In the high performance circuit we 
limited the number of configuration pins to four, hence 
conf numbs2. For conf numb–0 we just put input to one 
output through a buffer 46. For conf numb=1 we combine 
two inputs into one disjunction. For conf numb=2 we com 
bine four inputs into one disjunction in vertical OR blocks 42 
and 44. Hence the output is represented by the following 
formula: 

OUT-INP ov... v INP {2°of numb-1}. 
All disjunctions must be realized from the NOR- and 

NAND-gates for high performance purposes. 
By way of a further example, assume a tile has the capacity 

tile cap and data width mem width where the tile cap=2' for 
Some 1 and the mem width is a multiple of 4, i.e. 
mem width=4:w for some w. As set forth above, the 
conf numb is the number of address pins that are used for 
configuration in the address controller 16 or 26. In the high 
performance circuit, the number of configuration pins was 
limited to four, accordingly, conf numbs2. Given a cus 
tomer memory with a capacity cust cap and a data width 
cust width the memory is configured according to the fol 
lowing steps: 
(1) The data width cust width is cut into stripes with each 

stripe having a width stripe width wherein: 
a) stripe width mem width if 0<cust caps 16-mem cap 

(for conf numb=0); 
stripe width=mem width/2 if 16-mem cap-cust 

caps32-mem cap (for conf numb=1); 
stripe width=mem width/4 if 32-mem cap-cust 

caps 64-mem cap (for conf numb–2); and 
d) the last stripe stripe width is equal to the remaining 
memory width wherein: 
(i) If mem width/2<stripe widths mem width then 

conf numb=0; 
(ii) If mem width/4<stripe widths mem width/2 then 

conf numb=1; and 
(iii) If stripe widths mem width/4 then conf numb=2. 

(2) For each memory group all outputs of the partially con 
figured memories are combined into disjunctions 
(VERT OR blocks). 

(3) Finally, the configured outputs from VERT OR blocks are 
combined into a single signal (CONF OR blocks). Out 
puts of CONF OR blocks are the actual outputs of the 
configured memories. 
The foregoing procedure is illustrated by example in FIG. 

3 for a customer memory 6Kx25 with a capacity 6K and a 
total data width 25. The memory is divided into two stripes 24 
and 28. Stripe 24 has a width of twenty and stripe 28 has a 
width of five. The first stripe 24 was tiled into three memory 
group tiles 18, 20, and 24 with no configuration (compres 
sion), i.e., conf numb=0, and group size 3. The second 
stripe 28 was tiled into one memory group tile with configu 
ration (compression) of four times wherein conf numb–2, 
and group size=1. 

In another example, the foregoing procedure may be use to 
configure a customer memory 64KX14 with a capacity 64K 
and a total data width of 14. As before, the memory is divided 
into two stripes (64Kx10 and 64Kx4). The first stripe repre 
senting 64Kx10 has a width often and the second stripe has 
a width of four. The memory in each tile in the first stripe is 

b) 

c) 
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2Kx20 hence the first stripe will contain sixteen tiles with a 
compression of two times (i.e., conf numb-1, and group 
size=16). As before the second stripe has a maximum width of 
five with a compression of four times. Hence, the second tile 
is tiled into a stripe containing eight groups with a width of 5 
four, not five, representing the remaining memory width, i.e. 
conf numb–2, group size 8. 
The foregoing description of preferred embodiments for 

this invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Obvious modifi 
cations or variations are possible in light of the above teach 
ings. The embodiments are chosen and described in an effort 
to provide the best illustrations of the principles of the inven 

10 

tion and its practical application, and to thereby enable one of 15 
ordinary skill in the art to utilize the invention in various 
embodiments and with various modifications as are Suited to 
the particular use contemplated. All Such modifications and 
variations are within the scope of the invention as determined 
by the appended claims when interpreted in accordance with 
the breadth to which they are fairly, legally, and equitably 
entitled. 

What is claimed is: 
1. A method of configuring a random access memory 

matrix, the method comprising the steps of 
independently calculating a memory enable signal and a 

configuration signal for a partially configured memory 
in each memory tile of the memory matrix, 

determining memory tiles not supported by a memory 
compiler, 

providing memory wrapper for each tile not supported by 
the memory compiler, 

inserting an address controller in the memory matrix for 
each tile in a group of tiles, 
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30 

6 
combining output signals from each memory location in a 
memory group having a common group index into a 
single output signal, 

selecting a first stripe of memory tiles containing first 
memory, the first stripe of memory tiles having a first 
width, and 

selecting a second stripe of memory tiles containing sec 
ond memory, the second stripe of memory tiles having a 
second width. 

2. The method of claim 1, wherein the first and second 
stripe of memory tiles contain from about one to about sixteen 
memory tiles. 

3. The method of claim 1, wherein the first width is greater 
than Zero and less than or equal to sixteen. 

4. The method of claim 1, wherein the second width is 
equal to the total memory width minus the first width. 

5. The method of claim 1, wherein the first memory com 
prises non-configured memory. 

6. The method of claim 5, wherein the second memory 
comprises configured memory. 

7. A tool for configuring RRAM memory containing par 
tially configured memory, the tool comprising: 

a memory wrapper for a group of memories comprising a 
predetermined memory tile, 

an address controller for calculating a memory enable sig 
nal and a configuration signal for inputs to the partially 
configured memory, 

a vertical OR block for combining output signals from 
non-configured memories having a common index in a 
memory group into a single output signal, and 

a configured OR block for combining configured memory 
signals into a single signal for each configured memory 
output signal. 


